In the first series, the average heterozygosity based on ten polymorphic loci (Rhesus, MN, P, and Kell blood groups; haemoglobin; serum haptoglobin; transferrin; red cell acid phosphatase, phosphoglucomutase-1 and glyoxalase-1) was determined among the offspring of unrelated (n=328) and related (first-cousin) matings (n=466) in the Sudan. The estimated average heterozygosity was found to be the same in the offspring of the first-cousin and unrelated parents (0.3628_+0.0584 and 0.3697_+0.0581, respectively). In the second series, the average heterozygosity at five polymorphic loci (Rhesus blood group, haemoglobin, serum haptoglobin and transferrin and red cell acid phosphatase) was estimated in several tribes with variable levels of inbreeding coefficients. The estimated average heterozygosity varied from 0.14+ 0.09 to 0.37 + 0.08 in different tribes with varying degrees of inbreeding coefficients (o:x 105 of 967-3,904). However there was no significant correlation between the level of parental inbreeding with either average heterozygosity or deviation from the Hardy-Weinberg equilibrium in the offspring.
INTRODUCTION
Inbreeding results in an increased homozygosity among the offspring as they inherit the same ancestral genes. However, the effect will depend on the inbreeding coefficient as well as the number of generations for which the inbreeding has been practised (Sanghvi, 1982) . Further, this will also depend on the allelic frequency at the locus. It is believed that the detrimental effects of inbreeding as a result of homozygosity may be negated if the detrimental nonviable homozygotes were eliminated in earlier generations in the case of long-standing practice. This has been shown to be true in South Indian populations in which no appreciable inbreeding effects on fertility or morbidity were observed. Inbaraj, 1977, 1979a, b; Hann, 1985) . Similarly, we failed to observe any significant effects of inbreeding on reproductive outcome in a Sudanese population inspite of the high degree of inbreeding practised by the population El Sheikh, 1987, Saha et al., 1989) . This is further substantiated by the finding of a lack of deviation from the Hardy-Weinberg equilibrium in the phenotypic distribution of many polymorphic loci at least in three of our earlier studies on population genetics in the Sudan (Saha et al., 1978 (Saha et al., , 1979 Bayoumi et al., 1985; Bayoumi and Saha, 1987) .
To our knowledge, there has been no study reported in the literature on the effect of inbreeding on the level of heterozygosity of blood genetic markers in man. We thought it worthwhile to look into this aspect of inbreeding.
MATERIALS AND METHODS
The effect of inbreeding on the average heterozygosity was studied in two different series. In the first series, the average heterozygosity was determined among the offspring of related (first-cousin) and unrelated parentage on the basis of ten polymorphic loci: Rhesus (five anti-sera), MN, P and Kell (Kk) blood groups; haemoglobin; red cell acid phosphatase, phosphoglucomutase (locus 1), glyoxalase I; serum haptoglobin and transferrin. The subjects were all healthy blood donors. Complete information of their tribal affiliation, place and year of birth, and details of parental inbreeding were recorded. It was not possible to complete the study of all the systems in all the individuals due to scarcity of facilities. Four hundred sixty-six offspring of first-cousin parentage and 328 offspring of unrelated parentage were studied for Rhesus blood groups. Much smaller but adequate numbers were investigated for other blood groups, haemoglobin, red cell enzymes, and serum protein polymorphisms.
In the second series, eight tribes and one of mixed origin with variable degrees of inbreeding in rural Sudan were investigated for the distribution of phenotypes at five polymorphic loci: Rhesus blood group, haptoglobin, transferrin, haemoglobin and red cell acid phosphatase polymorphisms. The alleleic frequencies were calculated by gene counting in all the systems except the Rhesus blood groups which was estimated by the Maximum Likelihood method using the computer programme on IBM 360 originally set by WJ Schull at the Australian National University, Canberra. The details of gene frequencies have been published earlier (Saha and E1 Sheikh, 1987) . The inbreeding coefficients (~) were estimated by the formula ~piFi and expressed as ~x 105 where Fi=coefficients of inbreeding, pi=proportion of marriages. The average heterozygosity was estimated in these tribes on the basis of five loci. The expected average heterozygosity was computed from gene frequencies using the formula H=I-(p~+qZ). Deviation from HardyWeinberg equilibrium was estimated by the Z 2 (chi-square) test along with degrees of freedom. The relationship between average heterozygosity as well as Z ~ and inbreeding level was estimated by the coefficient of correlation (r) test (Spearman's Rank).
RESULTS AND DISCUSSION Table 1 shows the gene frequencies and average heterozygosity at ten polymorphic loci among the offspring of inbred (first-cousin) and unrelated parentage. The average heterozygosity was found to be the same in both the groups (0.36_+ 0.06 and 0.37_+0.06, respectively). This is contrary to expectation, as inbred offspring are thought to have excess homozygosity. This is possible only if some of the nonviable homozygous conceptions were eliminated in early pregnancy before a clinical diagnosis was possible or fresh mutations had occurred. As the foetal loss and net fertility in the Sudanese population was also the same in the inbred and outbred matings (Saha et al., 1989 )--it lends further support for the exclusion of excess homozygotes in very early pregnancy. However, another interesting phenomenon emerging from the results is that the observed heterozygosity is marginally less than the expected heterozygosity in both the groups. This may be explained by the following: i) probably a balance has been attained by the establishment of a new equilibrium with slightly less heterozygosity and maintained at this level; ii) the inadequacy of the methods used to identify heterozygotes completely; iii) the small size and heterogeneity of the sample. Table 2 shows another set of data on the average heterozygosity at five poly- Saha and E1 Sheikh (1987) . (Based on five loci--Rhesus, haptoglobin, transferrin, haemoglobin and acid phosphatase). Inbreeding coefficients were estimated using the formula: a= ~piFi. Expected average heterozygosity was estimated using the formula: H--1 __(p~+q2 ...... ).
morphieloci in several tribal groups with variable levels of coefficients of inbreeding. The estimated average heterozygosity ranged from 0.14+_0.09 to 0.37+_0.08 while the inbreeding coefficients (o~ x 105) varied from 967 to 3,904 in different tribes. However, the degree of inbreeding coefficients did not have any significant correlation with either the average heterozygosity or deviation from the Hardy-Weinberg equilibrium. The results of both the series suggest a lack of any influence of inbreeding on average heterozygosity based on blood genetic markers in the Sudanese population.
The above results demonstrate that the average heterozygosity in a population with a high degree of inbreeding practised over many generations is maintained at an optimal level probably by elimination of nonviable homozygotes at an early stage, even before the pregnancy can be detected. This is also consistent with the lack of inbreeding effects on the reproductive profiles observed in the Sudanese and South Indian populations and the lack of expected deviation from the HardyWeinberg equilibrium in the phenotypic distribution of blood genetic markers in several earlier studies in the Sudanese population (Saha et al., 1978 (Saha et al., , 1979 Bayoumi et al., 1985; Bayoumi and Saha, 1987) .
